Abstract Six Trypanosoma evansi isolates collected from ponies (PH1 and PK6), camel (CB2), donkeys (DJ3 and DH4) and cattle (CK5) from Haryana, Rajasthan, Uttar Pradesh and Gujarat states of India were used for molecular characterization of internal transcribed spacer 1 (ITS 1). The DNA was isolated from purified trypanosomes of these six isolates after propagation in mice model. ITS1-PCR of purified parasite DNA yielded an amplification product approximately 540 bp in size. Nucleotide sequence of ITS1 gene of CB2 isolate had 530 bp while CK5, DH4, DJ3, and PH1 isolates had 532 bp, whereas, PK6 isolates had 533 bp size. Blast data of the Indian isolates revealed 99 % homology with other available sequences of T. evansi. Multiple alignment of nucleotide sequence of ITS1 gene variants from Indian T. evansi isolates with selected homologous sequences from GenBank revealed that nucleotide substitution mostly occurred at the position of 101-103, 218-223, 243-244, 301-396 and 470-480. The isolates PH1, CK5, DH4 and DJ3 were found more associated with T. evansi isolates from the Philippines, Thailand, Iran, Egypt and China, whereas, PK6 and CB2 isolates were related to each other and were phylogenetically distant from rest of the Indian isolates used in this study. Based on the ITS1 rDNA sequence, the NeighbourJoining consensus tree indicated clear evidence of existence of genetic diversity among T. evansi isolates from India.
Introduction
Trypanosoma evansi infection is transmitted mechanically by several haematophagous biting flies, has a broad host range including a diverse variety of mammalian species, both domestic and wild. The parasite is widely prevalent in tropical and subtropical countries, including most parts of India (Pathak et al. 1993; Gupta et al. 2009; Kumar et al. 2013; Kundu et al. 2013; Sumbria et al. 2014) . Variations in parasite strain virulence, host susceptibility, as also disease manifestations (acute, sub-acute and chronic) are commonly observed in the field. Genetically different T. evansi isolates are likely to differ in their pathogenicity and biology as indicated by parameters like drug sensitivity and virulence (Waitumbi et al. 1994; Zhou et al. 2001 Zhou et al. , 2007 . The advent of DNA sequencing technology has provided more information on the genetic variation in most organisms and it has been found very useful in classifying protozoan parasites including trypanosome species with the molecular characterization of ribosomal DNA gene (Homan et al. 1997; Chansiri et al. 2002; Amer et al. 2011; Lollis et al. 2011) .
Several genetic markers have been used in the past for phylogenetic analysis and/or characterization of polymorphism in T. evansi populations around the world. Ribosomal DNA (rDNA) has been studied extensively for understanding the evolutionary events occurring till date (Appels and Honeycutt 1986; Mindell and Honeycutt 1990) . The Different regions of the rDNA repeat unit evolve at different rates, thus making rDNA useful for phylogenetic analysis (Hillis and Dixon 1991) . Analyses of the internal transcribed spacer (ITS) region (Khuchareontaworn et al. 2007; Areekit et al. 2008; Tian et al. 2011; Pourjafar et al. 2013; Villareal et al. 2013 ) have been utilized in molecular classification of trypanosomes.
The present study was carried out to know the genetic diversity and phylogeographical patterns based on ITS1 rRNA of T. evansi circulating in different livestock species across different geographical regions of India.
Materials and methods

T. evansi isolates
Six isolates of T. evansi were used in the study, collected from camel (Bikaner, Rajasthan; Lab ID-CB2), cattle (Karnal, Haryana; Lab ID-CK5), donkeys (Hardoi, Uttar Pradesh; Lab ID-DH4 and Junagarh, Gujarat; Lab ID-DJ-3) and ponies (Hisar, Haryana; Lab ID-PH1 and Karnal, Haryana; Lab ID-PK-6) inhabiting different geographical regions. These isolates were passaged in vivo in mice and cryo-preserved in liquid nitrogen at National Fellow Laboratory, National Research Centre on Equines, Hisar. Prior to use, in the present study, they were thawed and passaged afresh in mice.
Experimental animals
Swiss albino mice were procured from Disease Free Small Animal House, Lala Lajpat Rai University of Veterinary and Animal Sciences, Hisar. The mice were inoculated with 10 5 parasites intra-peritoneally per animal. At the peak of parasitaemia (10 8 trypanosomes/ml), the infected mice were sacrificed and blood was collected by heart puncture under appropriate anaesthesia. Trypanosomes were purified from mice whole blood by anion exchange column chromatography (pre swollen microgranular DEAE cellulose) as per the method of Lanham and Godfrey (1970) .
DNA extraction and PCR
Genomic DNA was extracted from purified parasites using Pure Link TM Genomic DNA isolation kit (Invitrogen, USA) according to the manufacturer's protocol. PCR was standardized for amplification of the Internal Transcribed Spacer 1 (ITS1) region from T. evansi chromosomal DNA template of six field isolates using specific ITS1 primer pair 5 0 -CGCCCGAAAGTTCACC-3 0 and 5 0 -GCGTTCAAA-GATTGGGCAAT-3 0 (Mc Laughlin et al. 1996) . ITS1-PCR using purified parasite DNA gave an amplification product of approximately 540 bp ( Fig. 1 ). Based on these findings, PCR products were purified for each of the six isolates for cloning.
Cloning and sequencing of ITS-1 gene
The PCR products of each isolates were resolved in 1 % agarose gel and PCR products were visualized in Omega Lum G gel imaging system (Aplegen Inc., USA) and PCR amplicons of six different isolates were excised and purified using NucleoSpin Ò Gel and PCR Clean-up kit (Macherey-Nagel Inc., Germany) following the manufacturer's protocol. Approximate 540 bp amplicons of ITS1 gene region were ligated to the pTZ57R/T vector by using InsTAclone PCR cloning kit (Thermo Scientific, USA) as per manufacturer's protocol and competent DH5a E. coli cells were transformed with this insert. The white coloured transformants were screened by the colony PCR and one of the positive clones was grown in sufficient amount for plasmid DNA isolation by the QIAprep Ò Spin Miniprep Kit (Qiagen Group, Germany) and sequenced (SciGenom Labs Private Ltd, Kerala). The nucleotide sequence data was submitted to GenBank for accessioning.
Phylogenetic analysis
Nucleotide sequence data of six Indian isolates of T. evansi for ITS1 rDNA gene family were aligned against homologous sequences deposited in GenBank (Table 1) by using the ClustalW with default parameters in CLC workbench v.5.6.1 (http://www.clcbio.com) software. A neighbor- joining (NJ) phylogenetic tree was constructed from nucleotide sequence data for ITS1 region by using MEGA version 5 (Tamura et al. 2011 ). The phylogenetic robustness was assessed by undertaking bootstrap re-sampling using 1000 replicate.
Results
Cloning, sequencing and phylogenetic analysis
Nucleotide sequence of ITS1 gene of CB2 isolate had 530 bp while CK5, DH4, DJ3 and PH1 isolates had 532 bp; PK6 isolate had 533 bp size. Blast data of the Indian isolates revealed 99 % homology with other available sequences of the T. evansi. Multiple alignment of nucleotide sequence of ITS1 gene variants from Indian T. evansi isolates with selected homologous sequences from Genbank revealed differences in nucleotides at certain position of various homologues sequences. The multiple sequence alignment of Indian isolates with the reference sequences from Genbank revealed that nucleotide substitution mostly occurred at the position of 101-103, 218-223, 243-244, 301-396 and 470-480 (Fig. 2) . The sequence variation between T. evansi isolates from India was observed from 0.2 to 4.5 % (Table 2 ). In the NJ consensus tree, clear evidence was produced of existence of genetic diversity among T. evansi isolates from India, based on the ITS1 rDNA sequence. PH1 and CK5 isolates were homologous with T. evansi isolates from the Philippines (HQ 593646, Thailand (AY912272, AY912275), Iran (JN 896754), and Egypt (AB551922) in decreasing order than with other Indian isolates. DH4 and DJ3 isolates were more related to T. evansi isolates from Thailand (AY912273), China (FJ712715) and with T. brucei (AF306772), whereas PK6 isolate had more simulation with T. evansi Thailand isolate (AY912274), than with CB2. CB2 isolate has a clear relatedness with Iranian isolates of T. evansi Genotype B. The data indicated PH1, CK5, DH4 and DJ3 are phylogenetically distant to CB2 and PK6 isolates (Fig. 3) . This data may be helpful to know genetic variability among different strains and to correlate pathogenicity of different isolates. A NeighbourJoining consensus tree was inferred from ITS1 regions of Trypanosoma spp. with 50 % bootstrap value cut off. Branches with less than 50 % bootstrap support were collapsed (Fig. 4) .
Discussion
Molecular analysis based on rDNA sequences is essential for phylogenetic analysis and determination of taxonomic identities of trypanosomes. The present study was specifically aimed to investigate the genetic variability among Indian T. evansi isolates from four different hosts (camel, cattle, donkey and pony) based on ITS1 region of rDNA gene. Although existence of genetic heterogeneity among T. evansi isolates derived from different hosts has been studied earlier (Kundu et al. 2010) , this is probably the first report of ITS1 gene sequence of Indian isolates of T. evansi. Examination of its features revealed its closeness to several isolates of T. evansi from the Philippines, Thailand, Iran and China. Areekit et al. (2008) reported that ITS 1 region was not suitable for analyzing the genetic diversity of clonal population of T. evansi from single host. However, we observed clear evidence from the NJ-consensus tree that, a certain degree of genetic diversity existed among T. evansi isolates from India based on ITS 1. These differences might be due to the fact that present study included T. evansi isolates from different regions and different hosts The robustness of the tree based on ITS 1 region suffered from low bootstrap value indicating the high feasibility of tree collapse which has been reported recently (Tian et al. 2011; Areekit et al. 2008 ). According to Areekit et al. (2008) , it might be due to the limited nucleotide sequence length as well as the high similarity at this region among the isolates and it could be improved by using the full ITS region (including ITS1, 5.8S and ITS2) .Therefore, in the present study Neighbour-Joining consensus tree were inferred with 50 % bootstrap value cut off and less than 50 % bootstrap support were collapsed.
In conclusion, genetic diversity of T. evansi isolates from different geographical regions has been demonstrated. Phylogenetic trees can provide insights into the co-evolution of trypanosomes with their vertebrate hosts and vectors. The present study may be helpful in knowing virulence pattern and sub-typing of T. evansi isolates, disease dynamics and designing primers for diagnostics which can subsequently provide useful information for disease prevention and management in the country.
b Fig. 2 Multiple alignment of ITS1 nucleotide sequences from Indian T. evansi isolates and those of other trypanosomes obtained from GenBank. Residues identical to the sequences of T. evansi CB2 isolate are indicated by dots (.). Spaces or dash (-) denotes gap generated during alignment, which are introduced for optimal comparison. The difference in nucleotide sequence with that of the majority are coloured as red 
